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DESIGN AND CERTIFICATION OF TARGETS FOR DROP TESTS  
AT THE NTRC PACKAGING RESEARCH FACILITY 
 
 
ABSTRACT 
 
This report provides documentation of the design and certification of drop 
pad (targets) at the National Transportation Research Center (NTRC) 
Packaging Research Facility(PRF).  Based on the evaluation performed, it has 
been demonstrated that the small (interior) drop pad (target) meets the regulatory 
definition of a flat, essentially unyielding, horizontal surface for packages 
weighing up to 3,150 lb (1,432 kg).  The large (exterior) drop pad (target) meets 
the regulatory definition of a flat, essentially unyielding, horizontal surface for 
packages weighing up to 28,184 lb (12,811 kg).   
 
1.0 INTRODUCTION 
 
Strict United States and international regulations govern both the design and use of packages that 
contain radioactive materials during shipment.  Before such package designs are certified as 
complying with the transportation regulations that would permit their subsequent manufacture 
and use, the structural integrity of each package design must be demonstrated to show that it will 
indeed survive severe and improbable accident criteria.  Structural integrity of the package design 
is evaluated to ensure that even under severe accident conditions as defined by the regulations,  
the package is sufficient robust to:   
• not release any of the radioactive contents,  
• manifest no significant reduction in the level of radioactive shielding provided by the 
package, and  
• for fissile material packages, remain subcritical in the most reactive configuration 
consistent with any damage to the package due to the accident. 
 
Since 1960 the Oak Ridge National Laboratory (ORNL) Transportation Technologies Group 
(TTG) has been involved in conducting drop tests of casks and other containers used for the 
transport of radioactive materials and spent fuel.  Over the years, ORNL has constructed and used 
impact (target) pads for drop tests on the ORNL site: a small impact pad was constructed in a area 
close to the ORNL steam plant (Ref. 1), and a much larger pad was built at the Tower Shielding 
Facility for tests of very large spent fuel casks (Ref. 2). 
 
With the development of the NTRC (shown in Fig. 1), a joint venture between ORNL and the 
University of Tennessee, came the opportunity to continue and expand the capabilities for 
conducting packaging research and package testing.  Under the auspices of the ORNL Nuclear 
Science and Technology Division (NSTD), the TTG operates the PRF at the NTRC.  During 
development of the NTRC, the TTG designed two new impact (target) pads for the NTRC, which 
were then installed as part of the overall construction of the NTRC in 1999–2000.  The location 
of these impact pads at the NTRC is shown in Fig. 2.  The small impact pad is located within the 
PRF, while the large impact pad is located outside the NTRC in an area adjacent to the PRF. 
 
This document provides a description of the design and construction of these new impact (target) 
pads and provides an evaluation of these targets as certification that they meet the regulatory 
definition of a “flat, essentially unyielding, horizontal surface” as specified in NRC’s 
regulations governing the packaging and transportation of radioactive material (Ref. 3, 10 CFR 
Part 71). 
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 Fig. 1.  View of the National Transportation Research Center (NTRC), southwest corner. 
1.1 LARGE IMPACT (TARGET) PAD 
 
The Large Impact (Target) Pad is located in the parking lot on the north side of the NTRC, 
adjacent to the PRF.  This pad was designed to provide a “flat, essentially unyielding, horizontal 
surface” for drops of relatively large packages weighing up to approximately 20,000 pounds 
(9,072 kg) that would be lifted and released from large mobile cranes that would be brought to the 
NTRC for that purpose.  This impact pad will serve as the primary pad for 9 m (30-foot) free 
drops and crushes required to demonstrate compliance of Type B radioactive material package 
designs when subjected to the Hypothetical Accident Conditions (HAC) tests as described in the 
NRC regulations (Ref. 3, Sec. 71.73), as well as for demonstrating compliance of very large 
Type A package designs when subjected to the Normal Conditions of Transport (NCT) tests as 
described in the NRC regulations (Ref. 3, Sec. 71.71). 
1.2 SMALL IMPACT (TARGET) PAD 
 
The Small Impact (Target) Pad is located within the PRF (Room L110) at the NTRC.  This pad 
was designed to provide a “flat, essentially unyielding, horizontal surface” for drops of relatively 
small packages weighing up to approximately 3,000 pounds (1,364 kg) that would be lifted and 
released from either the 5-Ton DeShazo Bridge Crane or the Lansmont Precision Drop Tester 
(Model PDT-56E).  This impact pad would serve as the primary pad for free drops required to 
demonstrate compliance of smaller packages (Type A or Type B radioactive material package 
designs), as well as other small packages when subjected to NCT tests (Ref. 3, Sec. 71.71).
  3
 
 
Fig. 2.  Location of targets for drop tests at the NTRC.
Large Exterior 
Impact Pad 
Small Interior 
Impact Pad NORTH
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2.0 DESIGN AND CONSTRUCTION OF NTRC IMPACT PADS 
 
The Large Impact (Target) Pad and the Small Impact (Target) Pad at the NTRC are the latest 
additions to capabilities at the Oak Ridge National Laboratory for conducting drop tests of 
radioactive material packages to demonstrate compliance with package approval standards in 
10 CFR Part 71.  Each of the two impact pads have some common characteristics that serve as 
“an essentially unyielding surface” intended to cause damage to the package which would be 
equivalent to, or greater than, that anticipated for impacts onto surfaces or structures which might 
occur during transport.  Each pad is composed of a thick, reinforced concrete slab into which a 
steel plate is embedded to form the top surface to provide an overall large reaction mass, as well 
as a stiff surface to cause the maximum damage to the package.  Figure 3 provides a simple 
dimensional representation of each of the impact pads.  
 
Fig. 3.  General dimensional representation of NTRC impact (target) pads. 
 
Table 1 provides a summary of general dimensions for the Large Exterior and Small Interior 
Impact Pads, showing the “design” versus the “as-built” dimensions.  The design dimensions 
were submitted by ORNL as general dimensional guidance (along with descriptive information 
about structural reinforcements [rebar] within the concrete and recommendations about anchoring 
and embedding the steel plate within the upper surface of the concrete) to the NTRC architect 
(Michael Brady Inc., Knoxville, TN).  The NTRC architect then developed architectural drawings 
(and construction guidance) for the impact pads, which were reviewed (and concurred) by ORNL 
prior to construction.  
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Table 1.  Design versus as-built dimensions of NTRC impact pads 
 Large Exterior Impact Pad Small Interior Impact Pad 
 Design, in. As-built, in. Design, in. As-built, in. 
A – length of concrete 288" 300" 84" 99.5" 
B – width of concrete 144" 159" 84" 72.5" 
C – depth of concrete 66" 66" (min) 42" 50" (min) 
D – length of steel plate 240" 242" 60" 75.5" 
E – width of steel plate 96" 100.5" 60" 48.25" 
F – thickness of steel plate 4" 4" 6" 2" 
 
 
For the Large Exterior Impact Pad, the “as-built” dimensions ended up being slightly larger than 
the “design” dimensions.  For the Small Interior Impact Pad, the “as built” design was changed 
due to the unavailability of the 6"-thick steel plate intended for that pad.  Instead, a 2"-thick steel 
plate was substituted (more than sufficient), and changed the actual dimensions of the pad from 
60" x 60" to roughly 48" x 72".  This substitution also enabled this impact pad to serve as the 
mounting base for the Lansmont PDT-56E Precision Drop Tester.   
2.1 DESIGN OF THE NTRC IMPACT PADS 
 
Based on interactions between TTG personnel and the NTRC architectural firm, the final design 
of the NTRC impact pads was completed in June 1999.  The design is shown on Sheet No. S14 of 
the official NTRC blueprints.  Figures 4, 5, and 6 were extracted from an image of Sheet No. S14.  
Figures 4 and 5 show the design of the large (exterior) drop pad, and Fig. 6 shows the design of 
the small (interior) drop pad.  Figure 5 is a close-up of the side (underground) view of Fig. 4. 
 
In order to serve as a flat, essentially unyielding, horizontal surface as specified in the NRC 
regulations [Ref. 3, Sects. 71.71 (c)(7); 71.71 (c)(8); 71.73 (c)(1); 71.73 (c)(2); and 71.73 (c)(3)], 
each impact (target) pad must be both sufficiently massive and rigid (stiff) to ensure that the 
impact of the test specimen with the target is such that maximum damage is expected.  The U.S. 
regulations, however, are silent with respect to the design and construction of such targets.  
Noting that current (and future) U.S. regulations for radioactive material packages are based on 
the IAEA regulations (Refs. 4 and 5), examination of these regulations provide a description that 
the “Target for drop tests” shall be “a flat, horizontal surface of such a character that any increase 
in its resistance to displacement or deformation upon impact by the specimen would not 
significantly increase the damage to the specimen.” (Ref. 4, Para. 618 and Ref. 5, Para. 717).  The 
IAEA regulations are supported by Explanatory and Advisory Material that provide additional 
guidance to enable uniform implementation of the regulations.   
 
As described in IAEA Explanatory Material (i.e., Ref. 6, Safety Series 7): 
 
E-618.  The target for drop tests is specified as an essentially unyielding surface. 
This unyielding surface is intended to cause damage to the package which would 
be equivalent to or greater than that anticipated for impacts onto actual surfaces 
or structures which might occur during transport. The specified target also 
provides a method for assuring that analyses and tests can be compared and 
accurately repeated if necessary. The unyielding target, even though described in 
general terms, can be repeatedly constructed to provide a relatively large mass 
and stiffness with respect to the package being tested. So-called real targets, such  
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Fig. 4.  Large exterior drop pad design. 
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Fig. 5.  Close-up view of large exterior drop pad layout. 
 
 
Fig. 6.  Side view of exterior drop pad during construction. 
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as soil, soft rock and some concrete structures, are less stiff and could cause less 
damage to a package for a given impact velocity.  In addition, it is more difficult 
to construct yielding surfaces that give reproducible test results, and the shape of 
the object being dropped can affect the yielding character of the surface. Thus, if 
yielding targets were used, the uncertainty of the test results would increase and 
the comparison between calculations and tests would be much more difficult. 
 
And the IAEA Advisory Material (i.e., Ref. 7, Safety Series 37) provides the following 
description: 
 
A-618.  One example of an unyielding target to meet the regulatory requirements 
is a steel plate as the upper surface of a concrete block.  The combined mass of 
the steel and concrete should be at least 10 times that of the specimen to be 
dropped on it.  The block should be set on firm soil and the steel plate should be 
at least 4.0 cm thick and floated on the concrete while it is still wet.  The plate 
should have protruding fixed steel structures on its lower surface to ensure tight 
contact with the concrete.  Since flexure of the target is to be avoided, especially 
in the vertical direction, it is recommended that the target should be close to 
cubic in form, with the depth of the target comparable to the width and length.  
Other targets that have been used are described in Refs. [38, 39]. 
 
During the development of the revised IAEA regulations [Ref. 5, TS-R-1 (ST-1)] upon which 
revisions to the U.S. regulations will be based, the Explanatory and Advisory Material were 
combined into a single guide of advisory material [Ref. 8, TS-G-1.1 (ST-2)], which remains 
essentially unchanged from previous versions.  For completeness, the guidance is repeated below:   
 
717.1. The target for drop tests is specified as an essentially unyielding surface. 
This unyielding surface is intended to cause damage to the package which would 
be equivalent to or greater than that anticipated for impacts onto actual surfaces 
or structures which might occur during transport. The specified target also 
provides a method for assuring that analyses and tests can be compared and 
accurately repeated if necessary. The unyielding target, even though described in 
general terms, can be repeatedly constructed to provide a relatively large mass 
and stiffness with respect to the package being tested. So-called real targets, such 
as soil, soft rock and some concrete structures, are less stiff and could cause less 
damage to a package for a given impact velocity. In addition, it is more difficult 
to construct yielding surfaces that give reproducible test results, and the shape of 
the object being dropped can affect the yielding character of the surface. Thus, if 
yielding targets were used, the uncertainty of the test results would increase and 
the comparison between calculations and tests would be much more difficult. 
 
717.2. One example of an unyielding target to meet the regulatory requirements 
is a 4 cm thick steel plate floated on to a concrete block mounted on firm soil or 
bedrock. The combined mass of the steel and concrete should be at least 10 times 
that of the specimen for the tests in paragraphs 705, 722, 725(a), 727 and 735, 
and 100 times that of the specimen for the test in paragraph 737, unless a 
different value can be justified. The steel plate should have protruding fixed steel 
structures on its lower surface to ensure tight contact with the concrete.  The 
hardness of the steel should be considered when testing packages with hard 
surfaces.  To minimize flexure the concrete should be sufficiently thick, but still 
allowing for the size of the test sample.  Other targets that have been used are  
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described in the literature [7, 8].  Since flexure of the target is to be avoided, 
especially in the vertical direction, it is recommended that the target should be 
close to cubic in form with the depth of the target comparable to the width and 
length. 
2.2 CONSTRUCTION OF THE NTRC IMPACT PADS 
 
Based on the guidance listed above, the construction of the NTRC impact pads was undertaken. 
Construction of the NTRC impact pads occurred between February – June 2000. 
 
The large (exterior) impact (target) pad was planned to accommodate drops of large packages 
weighing up to approximately 20,000 lb.  This drop pad (shown in Figs. 4 and 5) has a minimum 
depth of 66", which was completed in two pours.  The lower concrete structure (first pour), with a 
minimum thickness of 42", contains #6 rebar positioned at 12" on-center each way at the top and 
bottom and is connected vertically by four #6 rebar positioned at 2' on-center each way and 
contains #5 rebar hoops positioned at 4' on-center that protruded above the surface of the first 
pour.  The steel plate (4" thick) is grade A-36 steel purchased from O’Neal Steel and delivered to 
the NTRC on 4/24/00.  The steel plate is mounted on ten W8x10 wide-flange I-beams that are 
approximately 20" long and has a ½" steel plate welded to the base that serves as a base to rest on 
the first pour.  These beams are positioned at 4' intervals.  The W8x10 I-beams are then welded to 
the bottom of the steel plate.  Surrounding these beams is the reinforcing rebar for the upper 
concrete structure (second pour), which contains #6 rebar positioned at 12" on-center, each at the 
top and bottom, and is connected vertically by five #5 rebar at 2' on-center positions, each way.  
Figures 6 and 7 show the outside drop pad during construction in April 2000.  The second pour of 
concrete completed this drop pad, bringing the concrete skirt flush with the surface of the steel 
plate.  During this pour, the steel plate was mechanically vibrated to ensure that all air pockets 
and voids were eliminated.  During completion of the NTRC, the area surrounding the impact pad 
was paved with asphalt. 
 
 
 
Fig. 7.  End view of exterior drop pad during construction. 
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The small (interior) impact (target) was planned to accommodate drops of small packages 
weighing up to approximately 3,000 lb.  This drop pad design, shown in Fig. 8, was changed 
somewhat during construction to allow substitution of a 2" plate for the planned 6" plate.  This 
drop pad has a minimum depth of 50" and was also completed in two pours.  First, an 8"-thick 
footing was poured, containing #5 rebar positioned at 12" on-center and each way.  The steel 
plate is supported by a 4" x 4" steel channel with a ½" plate welded to the bottom to form a base.  
These steel channels are shown in Figs. 9 and 10.  In addition, the steel plate has two 6" I-beams 
welded to the lower surface, as shown in Fig. 11.  These I-beams, welded together with the 
4" x 4" steel channels to the lower surface of the steel plate ensure that tight contact between the 
steel plate and the concrete is maintained.  The upper concrete structure (second pour, as shown 
in Fig. 12) also contains a web of #6 rebar positioned top and bottom and each way and 
connected vertically with additional #6 rebar.  The second concrete pour completed this impact 
pad, bringing the concrete skirt flush with the surface of the steel plate.  During this pour, the 
steel plate was mechanically vibrated to ensure that all air pockets and voids were eliminated.  
During completion of the NTRC, the PRF lab floor was poured flush with the surface of the 
impact pad.  The impact pad is isolated from the lab floor slab by a 1" expansion joint. 
 
 
 
Fig. 8.  Small interior drop pad design. 
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Fig. 9.  Support posts for interior drop pad (end view). 
 
 
 
Fig. 10.  Support posts for interior drop pad (corner view). 
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Fig. 11.  Interior drop pad steel plate with 6" I-beams. 
 
 
Fig. 12.  Interior drop pad during final concrete pour. 
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3.0 CERTIFICATION OF IMPACT TARGETS AS “ESSENTIALLY UNYIELDING” 
 
Based on the IAEA Advisory Material described in the previous section (Refs. 6–8), the purpose 
of using an “essentially unyielding” target is to cause damage to a package that would be 
equivalent to or greater than that anticipated for impacts onto actual (real world) surfaces that 
might occur during transport.  One example of an “unyielding” target is described as a 4-cm thick 
steel plate floated onto a concrete block mounted on firm soil or bedrock.  It is important to note 
that mounting the target to bedrock is not required.  Instead, the intent of the regulation is to 
ensure that an increase in the resistance of the target (to displacement or deformation) upon 
impact of a specimen “would not significantly increase the damage to the specimen.”  As a 
general “rule of thumb,” the combined mass of the steel and concrete should be at least 10 times 
that of the specimen (for all NRC/IAEA Type B and special form tests) and 100 times that of the 
specimen (for all IAEA Type C tests).  Further, the steel plate should have protruding fixed steel 
structures on its lower surface to ensure tight contact with the concrete. 
 
Based on the design and construction details described in the previous section, the NTRC impact 
(target) pads have been constructed to fulfill the IAEA Advisory Material that forms the basis for 
both the IAEA and U.S. regulations. 
3.1 EVALUATION OF THE TOTAL TARGET MASS OF NTRC IMPACT PADS 
FOR TYPE B TESTS 
 
Based on the “as-built” dimensions of the impact pads (see Table 1), the total mass of the 
concrete and steel can now be estimated.  For conservatism, the mass of the rebar and I-beams 
(or steel channel) that are embedded in the concrete (and serve to reinforced the structure) have 
been neglected.  The density of steel (specifically ASTM A-36 steel plate) is assumed to be 
490.09 lb/ft3 (calculated from Bethlehem Lukens Plate web page listing of masses and 
dimensions of A-36 plate steel items for sale).  The density of concrete is assumed to be 
144 lb/ft3 (Ref. 9, p. 6–8 for masonry concrete). 
 
For the large (exterior) impact pad: 
 
 Volume of steel plate: 242 in x 100.5 in x 4 in / 1728 ft3/in3  =  56.3 ft3  
 
 Volume of concrete: (300 in x 159 in x 66 in / 1728 ft3/in3) – 56.3 ft3 =  1765.6 ft3 
 
 Total mass:   56.3 ft3 x 490.09 lb/ft3 + 1765.6 ft3 x 144 lb/ft3 =  281,838 lb. 
 
Based on the factor of 10 rule of thumb, the large (exterior) impact pad has a capacity of 
281,838 lb divided by 10, or 28,184 lb (i.e., 14 tons, or 12,784 kg).  Figure 13 shows the large 
exterior impact pad in use in September 2002. 
 
For the small (interior) impact pad: 
 
 Volume of steel plate: 75.5 in x 48.25 in x 2 in / 1728 ft3/in3  =  4.216 ft3  
 
 Volume of concrete: (99.5 in x 72.5 in x 50 in / 1728 ft3/in3) – 4.216 ft3 =  204.51 ft3 
 
 Total mass: 4.216 ft3 x 490.09 lb/ft3 + 204.51 ft3 x 144 lb/ft3 =  31,516 lb. 
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Fig. 13.  Large exterior impact pad at the NTRC Packaging Research Facility. 
 
Based on the factor of 10 rule of thumb, the small (interior) impact pad has a capacity of 
31,516 lb divided by 10, or 3,152 lb (or roughly 1.5 tons or 1,430 kg).  Figure 14 shows the 
small interior impact pad in use in December 2002. 
 
 
 
Fig. 14.  Small interior impact pad at the NTRC Packaging Research Facility. 
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4.0 SUMMARY AND CONCLUSIONS 
 
Based on the design and analysis of the new NTRC impact (target) pads, as supported by the 
IAEA regulatory advisory material, it can be concluded that the impact (target) pads at the 
National Transportation Research Center each meet the regulatory definition of a “flat, 
essentially unyielding, horizontal surface” for use during package testing as prescribed in the 
NRC’s regulations governing the packaging and transportation of radioactive material (10 CFR 
Part 71).   
 
Based on the factor of 10 “rule of thumb” described in the IAEA advisory material, the general 
limiting capacity for packages (test specimens) has been defined as follows: 
 
      Goal  As-built capacity   
 Large (exterior) impact pad:  20,000 lb 28,184 lb (12,784 kg) 
 
 Small (interior) impact pad:  3,000 lb 3,150 lb (1,430 kg) 
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